Abstract: Material throughput is a means of measuring the so-called social metabolism, or physical dimensions of a society's consumption, and can be taken as an indirect and approximate indicator of sustainability. Material flow accounting can be used to test the dematerialisation hypothesis, the idea that technological progress causes a decrease in total material used (strong dematerialisation) or material used per monetary unit of output (weak dematerialisation). This paper sets out the results of a material flow analysis for Spain for the period from 1980 to 2000. The analysis reveals that neither strong nor weak dematerialisation took place during the period analysed. Although the population did not increase considerably, materials mobilised by the Spanish economy (DMI) increased by 85% in absolute terms, surpassing GDP growth. In addition, Spain became more dependent on external trade in physical terms. In fact, its imports are more than twice the amount of its exports in terms of weight.
Introduction
There is burgeoning literature on the topic of environmental Kuznets curve, a hypothesis based on the idea that economic and technological development allows for the reduction of environmental impact of societies (Rothman, 1998) . If verified, this hypothesis would lead to important political consequences, in the sense that following the present development path will lead to a more sustainable economic system. This would mean that environmental measures are not necessary, and that instead, the environment would benefit from policies that aim at stimulating the economic growth.
An interesting way to test this hypothesis is to analyse the amount of material used by a country in physical terms. The material used cannot be taken as a direct measure of sustainability: many materials, used in small quantities, such as mercury, can have highly negative effects on the environment. Nevertheless, the 1 total amount of material used by an economy can give insights into its 'social metabolism ' (Fischer-Kowalski, 1998a; 1998b) and can be applied as an indirect measure of the environmental impact. In fact, materials must be extracted and processed in order to produce goods that are then transported, exchanged, used and finally, discharged. All these activities have environmental impacts.
Material flow accounting can be used to test the dematerialisation hypothesis (Bruyn and Opschoor, 1997) . According to this theory, countries tend to use less material in absolute terms (strong dematerialisation) or at least per unit of service produced (weak dematerialisation or decoupling) due to technological progress, which is in turn made possible by economic growth. The dematerialisation hypothesis can be seen as a different formulation of the environmental Kuznets curve. In addition, information about a country's level of dependence on materials coming from other economic systems can be of use. Much research has already been carried out in this direction on international (Fischer-Kowalski and Amann, 2001; Bringezu and Schütz, 2001 ) and national scale (Carpintero, 2002; Alonso and Bailón, 2003) . This paper analyses material flows associated with the Spanish economy between 1980 and 2000. The Eurostat methodology (EUROSTAT, 2001) has been followed in order to ensure comparability with other similar analyses conducted for different countries in Europe (Bringezu and Schütz, 2001) , as well as for other countries such as the USA, Japan (Adriaanse et al., 1997) and Brazil (Matthews et al., 2000) . The Eurostat methodology produces quite adequate and easy-obtained indicators, providing a first overview on the physical dimensions of a country.
In this framework, a complete balance of an economy can be carried out (Figure 1 ) by taking into account what crosses the system's boundaries. However, this methodology does not specifically analyse the different sectors of the economy. In other words, the system is regarded as a 'black box.' The basis of the methodology is the first law of thermodynamics which states that -with the exception of nuclear reactions -matter is neither created nor destroyed. Thus the net accumulation of materials in a system can be calculated as the difference between what enters (inputs) the system and what goes out (outputs). According to the Eurostat classification, material flows can be domestic, if extracted from the system, or ROW, if coming from the Rest Of the World. ROW material flows can be direct or indirect. The former enter directly into the system while the latter -the so-called ecological rucksack -are linked to the production of goods, even if these resources are later not exchanged in the market. In addition, both direct domestic and ROW material flows can be used and unused. The latter represent materials extracted or discarded during the production of a good, i.e. mining overburden, while the term used refers to an input for use in the economy. This paper focuses on direct material inputs, due to the fact that even though indirect flows increase the comprehensiveness of the analysis, they also increase its arbitrariness. This is because indirect flows are calculated by multiplying direct flows by standard coefficients. However, in reality they vary considerably depending on many factors, such as the state of technology and the economic conditions of a country. Moreover, if indirect flows are accounted for, comparisons between countries may imply double-counting internationally traded goods since indirect flows are accounted for twice -in both the exporting and the importing country. It should also be noted that water and air are excluded (although the water and air content present in materials are included), as they represent nearly 95% of the entire metabolism of an industrial society (Schandl, Weisz and Petrovic, 2000) .
In the Eurostat methodological guide (EUROSTAT, 2001) material flows are classified into three main material groups (minerals, energy and biomass) and into three main categories (imports, exports and domestic extraction), which are used to structure the indicators calculated in this study:
.
• Domestic extraction: Materials extracted in the national territory per year.
•
Direct material input (DMI): Domestic extraction (DE) plus direct material imports (I) (DMI = DE + I). .• Domestic material consumption (DMC): DMI minus direct material exports (E) (DMC = DMI -E = DE + I -E).

Is Spain dematerialising?
The Spanish economy has experienced a strong growth in the last twenty years in a path of convergence in income per capita with the older members of the European Union. This period includes .
• cycles of recession, stagnation and recuperation .
• structural change (due to an increasing predominance of the service sector in terms of employment and economic added value) .
• an increasing use of natural resources, this section analyses the impact of this economic performance on material use. Firstly, strong dematerialisation did not take place since the use of materials steadily increased over this period. For instance, the material moved by the economy, expressed by the direct material input (DMI), increased by 85% between 1980 and 2000. As can be observed in Figure 2 , domestic extraction (DE), domestic material input (DMI) and domestic material consumption (DMC) followed a similar path. Material consumed in Spain (DMC) increased by 78.5%. This tendency has also been observed in the long term.
Carpintero (2002) gave figures for the total material requirement (TMR) of the Spanish economy showing that it was 4.5 times larger in the 1990s than it was in the 1950s. Secondly, weak dematerialisation did not take place in Spain either. While GDP increased by 74%, DMI increased by 85%. As can be observed, DE, DMC and DMI followed the country's economic cycles: stagnation in the early eighties, followed by a cyclic expansion from 1985 to 1990, a halt from 1992 to 1995, after which a new period of expansion began again. In other words, there are no signs of material consumption detaching from the economic evolution. Figure 3 shows that direct material input (DMI) in 3 relation to GDP increased by approximately 6%.
In this sense, this trend does not follow the performance of other industrialised countries. In fact, previous analyses have proven that in some industrialised countries a decoupling between GDP and material use took place notwithstanding an increase in material flows in absolute terms (Adriaanse et al., 1997) .
As regards the material flows between Spain and the rest of the world, exports grew faster than imports throughout the whole period. As a matter of fact, they increased by 146% (from 37 to 92 million tons) 4 whereas imports increased by 124% (from 96 to 216 million tons). However, since imports weighed more than twice the exports, net imports increased by 110% (Figure 4) . This underlines the fact that the Spanish economy has become more dependent on international trade. The analysis of these figures suggests that Spain is importing a large amount of primary natural resources, which are characterised by high weight, low price and low added value. These types of imports might also imply high levels of pollution and environmental degradation in the countries from which these materials are extracted (Muradian, O'Connor and Martínez-Alier, 2002) . These hypotheses are to be confirmed on further analyses. Net imports for Spain 3 Analysis by material groups 
Energy resources
This part of the analysis considers materials that are transformed for the purposes of energy. At the beginning of the 1980s most of the primary energy consumed was obtained from oil and coal, representing more than 90%. Between 1980 and 2000 the structure of energy production in Spain changed with the increase of other energy sources. Nuclear power production began to rise in 1984, as well as natural gas at the end of the 1980s. In the year 2000, coal and oil represented only 70%.
Renewable energy sources, including hydropower, have not been considered in the analysis below since they do not imply material transformation. Nuclear power is not considered either, due to the relatively small amount of mass needed to produce energy. Thus the analysis focuses on the use of fossil fuels, the most significant energy sources in terms of mass. In this analysis three main categories of fuels are taken into account: coal, crude oil and natural gas.
Coal represents the largest share of domestic extraction of energy resources in Spain. In fact, it accounts for 98% of total energy extraction in 2000. Spain has few oil and gas reserves, each source accounting for approximately one percent of the total in 2000. Domestic extraction of energy resources has declined since the early 1980s. This could be due to:
• geographical displacement of energy production abroad (Muradian and MartínezAlier, 2001; Giljum and Eisenmenger, 2004) .
• improvements in energy efficiency .
• the substitution of coal by oil imports, gas and domestic nuclear power.
In the case of oil and natural gas, although new oil and gas deposits were discovered, domestic extraction decreased (especially since 1990), due to the depletion of previous sites. In any case, the contribution of domestic oil and gas to the total energy production is minimal.
Spain was and continues to be a net importer of energy. Fossil fuel imports have always been larger than exports and they have increased over the period studied. More than 50% of total imports by weight were energy carriers in 2000. Figure 5 shows the large, increasing share of energy carriers in total imports in per capita terms. 
Biomass
Three main types of biomass are considered in this study: agriculture, forestry and fishing. Agriculture has accounted for most of the biomass extraction throughout the period analysed. In 1995 a sharp decline of total biomass extraction occurred due to the droughts in the winter of 1994/1995, which implied a strong decrease in cereal and oil crop production. Overall, total extraction increased by 17% between 1980 and 2000 (from 86 to 101 million tons).
In 2000, 80% of total extraction of used biomass was constituted of agriculture and grazing. In this same year, domestic extraction of agricultural products was headed by cereals, which represented 35% of the total crops. Roots and tubers represented 26% and fruits accounted for another 25%.
Domestic extraction of biomass remained almost stable over the period, in contrast to energy and mineral materials, as can be observed in Figure 5 . Direct material input of biomass increased due to imports, which also increased steadily during the period. Domestic material consumption of biomass increased in absolute terms and in per capita terms (from 2.5 to 2.92 ton/capita) all along the analysed period, but the change in consumption in this sector was smaller than it was for the mineral and energy ones. This indicates that the increased use of materials and energy in Spain concomitant with economic growth has certainly not been fulfilled by domestic or imported biomass. 
Minerals
Minerals constitute the most important material group, with a higher proportion and higher growth rate. This is mainly due to the dynamism of the construction sector, which experienced higher growth rates than the European average (Común, Hernández and Llopis, 2002) .
Mineral data were aggregated into three main categories: metal ores, industrial minerals and construction minerals. Industrial minerals and construction minerals comprise non-metallic minerals. They are clearly differentiated from metal ores. However, the difference between industrial and construction minerals is not clearcut. In this analysis, industrial minerals are classified as those that are not bulk materials for construction processes (Figure 6 ). Domestic extraction (DE) of minerals experienced an overall increase during the period 1980 to 2000. In per capita terms, DE grew from 4.85 to 9.83 ton/capita ( Figure 5 ). It is important to point out that mineral DE trend in Spain is dominated by construction minerals. Thus, both industrial minerals and metal ores accounted for 17% in 1980 and only 5% in 2000 of the total amount of mineral DE. The construction sector shares of GDP and employment have increased year after year, surpassing the European average.
As a result, domestic extraction of minerals in Spain has doubled in the last 20 years. From 1980 to 1985 it remained approximately steady. In 1986, with economic recovery a period of increase in minerals extraction began. The early 1990s showed an irregular pattern in minerals DE, although there was a slight increase from 1990 to 1996. In this period, even though Spain faced an economic downturn, the construction sector experienced a dynamic boost due to two main events held in 1992: the Olympic Games in Barcelona and the World Exhibition in Seville. The last period (1996) (1997) (1998) (1999) (2000) also shows a steady rise in mineral DE.
As previously stated, the DE trend is dominated by the demand of construction minerals. However, industrial minerals and metal ores followed a very different trend. While industrial minerals remained approximately steady throughout the whole period of time considered, metal ores clearly declined, going from 16.32 MT in 1980 to only 1 MT in the year 2000. The decrease experienced by this sector is not related to any economic crisis but to the structural change of the metal sector in Spain that began in the 1980s. During this period, a number of mines and ironworks were shut down and, since then, extraction of metal ores in Spain has become irrelevant.
An analysis of the data from mineral imports and exports for the period 1980 to 2000 shows that Spain shifts from being a net exporter to being a net importer (Figure 7) . Unlike in the case of DE, industrial minerals and metal ores account for the majority of imports and exports in this sector. The main single contributors to imports nowadays are iron and steel (as raw materials or in the form of processed goods). The imports of these materials have more than doubled between 1980 and 2000, which is coherent with the decline of their domestic extraction. We are again faced with the displacement of environmental loads to other countries (Muradian, O'Connor and Martínez-Alier, 2002; Muradian and Martínez-Alier, 2001; Giljum and Eisenmenger, 2004) . 
Conclusions
A number of conclusions concerning the relationship between the Spanish economy and its surrounding environment can be drawn from this analysis. Firstly, the Spanish economy has shown no signs of dematerialisation in absolute terms. In contrast, the total mass of material moved by the Spanish economy (i.e. DMI = domestic extraction plus direct material imports) increased by 85% from 1980 to 2000, whereas GDP increased by 74%. Thus, Spain's trend towards convergence of income per capita within the European Union is matched by its 'race to the top' in terms of materials.
Secondly, domestic extraction (DE), consumption (DMC) and material input (DMI) in the economy has evolved in line with the economic cycles. Therefore, there is no evidence of a decoupling trend between economic growth and material use dematerialisation in relative terms.
Thirdly, the Spanish economy has become increasingly dependent on international trade. Imports are twice as much as exports in terms of weight. In other words, Spain is using more and more natural resources from other economic systems to increase its welfare-displacing environmental loads to poorer countries. The dependence on energy imports has been a key characteristic of the Spanish economy. Also, metals that used to be domestically produced are now imported.
As aforementioned, the quantitative analysis performed here does not deal with qualitative aspects of material flows such as toxicity. In this sense, MFA should not be seen as a comprehensive assessment of the environmental impact of an economy. However, it is clear that the increase in material flows reveals an increase in the consumption of internal and external resources, some of them causing high environmental impacts during extraction, transport, use or waste disposal.
Other environmental indicators show trends that are similar to the MFA. For example, CO2 emissions rose per year, which underwent a 48% increase between 1990 and 2000. Probably, the importance of the construction sector would also be shown by the comparatively rapid rates of soil sealing in Spain due to new transport infrastructures.
Therefore, this paper should be seen as one of the first attempts to analyse the Spanish economy in terms of material use. Further improvements should be done by exploring the relationship between MFA and assessment of environmental impacts. Definite conclusions on historical trends would need an analysis of broader historical data as well as further evidence from socio-economic, political and technological disciplines that allow explaination of the interrelated dynamics between material flows and the socioeconomic system.
Our finding that Spain has not reached a stage of 'weak dematerialisation' in 2000 should not be construed as agreement on our part to the use of environmental indicators based on intensive variables such as energy intensity or carbon emissions intensity or volume of transport relative to GNP or indeed material intensity (material per unit of GNP). The environment, so to speak, does not care about GNP.
